Background: The incidence of anal cancer is rising in the last decades and more women are affected than men. The prognosis after chemoradiation is very good with complete remission rates of 80-90%. Thus, reducing therapyrelated toxicities and improving quality of life are of high importance. With the development of new radiotherapy techniques like IMRT (Intensity-modulated radiotherapy), the incidence of acute and chronic gastrointestinal toxicities has already been reduced. However, especially in female anal cancer patients genital toxicities like vaginal fibrosis and stenosis are of great relevance, too. Up to now, there are no prospective data reporting incidence rates, techniques of prevention or impact on quality of life. The aim of the DILANA trial is to evaluate the incidence and grade of vaginal fibrosis, to optimize radiotherapy by reducing dose to the vaginal wall to minimize genital toxicities and improve quality of life of anal cancer patients.
Background and rationale
With an incidence of 1/10000, anal cancer accounts for 1-2% of all gastrointestinal tumors and 2-4% of all colo−/anorectal cancers [1] . Incidence is increasing in the last decades and women are proportionally more often affected than men [1] . Apart from very early tumor stages, standard therapy consists of primary chemoradiation according to national and international guidelines [1] [2] [3] [4] [5] . This therapy proofed to be the most effective therapy with the chance of sphincter preservation and thus preservation of continence. Chances of curation, especially in early stage disease, are very good with rates of complete tumor remission of about 80-90% [1] . In general, therapy-associated toxicity is the limitating factor for primary chemoradiation. Regarding the good prognosis of patients with anal cancer, reduction of acute and especially chronic toxicities is an important step to warrant a good quality of life. In the last decades, many efforts have been made to improve radiotherapy techniques to increase tumor control and decrease toxicities. New technical developments in the field of radiotherapy like IMRT (intensity-modulated radiotherapy), including VMAT (volumetric arc therapy) and Tomotherapy have resulted in an improved sparing of organs at risk (OARs) like rectum, bowel and bladder leading to reduced toxicity of pelvic radiotherapy. However, the focus has mainly been on gastrointestinal toxicities [6] [7] [8] [9] [10] [11] . Additionally, the incorporation of FDG-PET into treatment planning offers the opportunity for sparing of functional bone marrow as another organ at risk, thus reducing hematological toxicity [12] . There are only very few data on genital toxicities like vaginal fibrosis and stenosis [13] [14] [15] . As mostly women are affected, this is a relevant topic. Genital toxicities of radiotherapy like vaginal fibrosis are mostly reported from women receiving radiotherapy for cervical or endometrial cancer [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . Due to the anatomical proximity of anal canal and vagina, vaginal fibrosis is also a relevant side effect of radiotherapy for anal cancer, which has been widely underestimated until a few years ago. There are only few and inconsistent retrospective data reporting rates of vaginal fibrosis after radiation treatment of female anal cancer patients of 1.6-80% [26, 27] . Furthermore, there is no established method to assess vaginal fibrosis, making it difficult to compare data and leading to the inconsistent data reported. Additionally, as a lack of prospective data, no clear recommendations for prophylaxis and therapy of vaginal fibrosis do exist. Current recommendations differ by center and are extrapolated from recommendations for women treated with radiotherapy for gynecological cancers. For these patients recommendations for the regular use of a vaginal dilator after finishing radiotherapy exist to prevent from vaginal stenosis (International Clinical Guideline Group, National Forum of Gynaecological Oncology Nurses, UK. International Guidelines on Vaginal Dilation After Pelvic Radiotherapy. Oxon: Owen Mumford; 2012).
As a result of the close topographic relationship of the anal canal and the vagina, the dorsal as well as the ventral wall of the collapsed vagina are often included in the radiation field, thus receiving high radiation doses. As we know that there is a dose-relationship for the incidence of most toxicities, reducing the dose to at least some parts of the vagina could reduce vaginal fibrosis [28, 29] . A dosimetric analysis could already show an advantage of vaginal dilation regarding radiation dose at the vaginal wall [30] . A further clinical trial with 10 patients was also able to show a reduction of the median total dose on the vaginal wall by using vaginal dilators during radiotherapy [28] . Furthermore, we already know from other hollow organs like the rectum, that sparing of some parts of the circumference results in lower toxicity rates. That's why some institutions already developed strategies to at least spare some parts of the vaginal wall circumference. For this purpose, vaginal dilation using commercially available tampons is often applied during irradiation. But there are no prospective clinical data showing a positive effect of vaginal dilation on the rate of vaginal fibrosis or giving any details on the extent of vaginal dilation needed to achieve a positive effect.
The aim of this prospective, randomized study is to evaluate the incidence and grade of vaginal fibrosis in female anal cancer patients treated with (chemo) radiotherapy depending on the extent of vaginal dilation. For this purpose, we aim to establish a standardized system for the assessment of vaginal fibrosis, to grant reproducibility and comparability of future data. The greater aim is to optimize radiotherapy of anal cancer patients by reducing dose to the vaginal wall to reduce genital toxicities and improve quality of life.
Methods/Design

Study design
The study is designed as a prospective, randomized, twoarmed, open, single-center phase-II-trial evaluating the incidence and extent of vaginal fibrosis in female anal cancer patients treated with (chemo) radiotherapy. We aim to evaluate if an increased intrafractional vaginal dilation using a special tampon is associated with a lower incidence and/or grade of vaginal fibrosis. After obtaining written informed consent, patients fulfilling the inclusion criteria will be randomized into one of the two arms, which differ only in the kind of tampon used during treatment. All patients will receive standard (chemo) radiotherapy to the pelvic and inguinal (if required) nodes with a total dose of 45-50.4 Gy (single dose 1.8-2 Gy) and a sequential or integrated boost to the anal canal up to 54-60 Gy. All patients will be advised to use a vaginal dilator regularly starting 6-8 weeks after finishing radiotherapy to prevent from vaginal stenosis.
Study objectives
Primary endpoint is the incidence of vaginal fibroses >/= Grade 1 depending on the extent of vaginal dilation measured 12 months after radiotherapy. A commercially available vaginal dilator set will be used as measuring device. The grading of vaginal stenosis will be determined as difference of the diameter of vaginal dilator to the baseline. A reduction of the diameter of < 20% is defined as vaginal stenosis Grade 1, a reduction of 20-35% as Grade 2, a reduction of > 35-49% as Grade 3 and a reduction >/=50% as Grade 4 ( Table 1 ).
Secondary endpoints are clinical symptoms and acute and chronic toxicities according to the CTC AE version 5.0 criteria, assessment of clinical feasibility of daily use of a tampon for vaginal dilation, assessment of the compliance for the use of a vaginal dilator and quality of life assessed with the EORTC-QLQ30/−ANL27 questionnaires.
Sample size calculation
We hypothesize that the rate of vaginal stenosis Grade 1 or higher 12 months after radiotherapy is lower in the experimental group using extended vaginal dilation during radiotherapy as compared to the control group. Rates of vaginal stenosis of 50% have been observed in previous patient collectives and we hypothesize that a reduction to 25% is possible in the experimental group. The null hypothesis (H 0 : π C ≤ π E ; "the rate of vaginal stenosis using a normal tampon is lower or equal to the rate of stenosis using a "special tampon") will be tested at the one-sided significance level of α = 0.15. Using the Chi 2 -test, a sample size of 52 patients (26 per arm) is necessary to achieve a power of 1-β = 0.80 for the alternative hypothesis assuming a rate of vaginal stenosis in the experimental group of π E =25% and of π C = 50% in the control group). Assuming a drop-out-rate of 12.5%, 60 patients will be included in the study. A logistic regression model will be used, stratifying for the use of simultaneous chemotherapy (yes/no), thus expecting an additional increase in power. Calculations were performed using ADDPLAN, Version 6.1.
Statistical analysis
The primary analysis includes all enrolled patients (Intent-To-Treat-Population (ITT)). In addition, a perprotocol analysis will be performed. The primary endpoint "vaginal stenosis Grade 1 or higher 12 months after radiotherapy (yes/no)" will be assessed using a logistic regression model adjusting for the factor simultaneous chemotherapy (yes/no), applying a one-sided significance level of α = 0.15. Using this relatively liberal significance level reflects the phase-II character of the trial, and results in a sample size which can be enrolled in a realistic timeframe, yielding an adequately high power. The associated odds ratio will be determined together with a two-sided 70%-confidence interval. Missing values for the primary outcome will be imputed using multiple imputation [31] . Methods of descriptive data analysis will be used to evaluate the secondary endpoints and safety data. This includes calculation of appropriate measures of the empirical distribution and graphical display of the results. Details of the analysis will be specified in a statistical analysis plan which will be finalized before database lock. All analyses will be done using SAS version 9.4 or higher.
Participants/patient selection
Inclusion criteria according to the protocol are: (G3) or tumors with affection of the dentate line or even the anal sphincter or cases of R1/2 resection (e.g. in case of excision of an "accidental" tumor under the assumption of a benign disorder like anal tag or hemorrhoids).
Investigation schedule ( Fig. 1) The oncological treatment concept for each patient is based on interdisciplinary assessment following approved standard therapies and guidelines. After screening including gynecological examination and obtaining written informed consent patients will be randomly assigned to one of the two study arms using a validated online tool. Patients in arm A will use a special tampon with extended vaginal dilation (diameter 28 mm), patients in Arm B will use a normal commercially available tampon (diameter 12-13 mm) during radiotherapy. As part of the gynecological examination, measuring the vaginal diameter using a vaginal dilator set will be performed which will serve as baseline measurement. As part of the screening, clinical symptoms according to the CTC AE v5.0 criteria and quality-of-life assessed with the EORTC-QLQ30/−ANL27 questionnaires will be evaluated.
Radiotherapy-planning
All patients will receive a CT scan for treatment planning with one of the tampons described above, depending on the treatment arm. 3-dimensional radiotherapy planning using a clinically authorized treatment planning system will be performed. All patients will be treated with an image-guided, conformal radiotherapy technique (IMRT). For treatment planning and dose optimization the outer contour of the following organs at risk will be contoured:
Bladder: Whole organ including the bladder neck. Rectum: From the ano-rectal sphincter to the rectosigmoid junction. Sigmoid: From the recto-sigmoid junction to the left iliac fossa. Bowel: Outer contour of bowel loops including the mesenterium. Dose constraints for organs at risk are according to the Quantec data ( Table 2 ). In case of overlap between the PTV and the Vagina, no underdosage in the PTV will be tolerated.
A total dose of 45-50.4 Gy (single dose 1.8-2 Gy) to the pelvic and inguinal (if required) lymphatic drainage with a sequential or integrated boost to the anal canal up to 54-60 Gy (single doses 1.8-2.2 Gy) will be applied.
Target volume definition
Gross Tumor Volume (GTV).
GTV_PT: macroscopic primary tumor (on MRI/CT) Severe Adverse Events are defined as any of the following: any toxicity CTC Grade 4 or 5; any toxicity causing permanent or severe impairment/disability; any toxicity leading to hospitalization, malignant disease, congenital malformations/defects or any toxicity graded as SAE by the study investigator. Incidence of AEs/SAEs is assessed weekly during radiotherapy, at the end of radiotherapy as well as part of every follow-up visit. Any SAE has to be reported to the Principal Investigator within 2 days during radiotherapy and within 10 days after finishing radiotherapy, respectively. Any SAE will be documented in the electronical CRF.
Follow up
Patients are included into standard oncological followup program including regular MRI scans and colonoscopy for at least 5 years according to the current guidelines. Additionally, regular study visits at 6 weeks, 6 months and 12 months post treatment are intended.
Each visit includes:
update of medical history and documentation of the results of the latest imaging performed as part of the regular oncological follow-up assessment of symptoms and treatment toxicity according to the CTC AE version 5.0 criteria assessment of compliance regarding the regular use of the vaginal dilator assessment of quality of life assessed with the EORTC-QLQ30/−ANL27 questionnaires at 6 weeks and 12 months: measurement of the vaginal diameter using the vaginal dilator set
Duration of the study
Initiation of the study and inclusion of the first patient is scheduled for Q4 2019 (FPFV). Recruitment period is assumed to be 4 years to include the planned 60 patients in the study. Follow-up for each patient will be 12 months. End of study is defined as the completion of the 12 months follow-up of the last patient (LPLV), which is assumed to be in Q4 2024.
Trial organization and coordination
The DILANA study has been designed by the study initiators at the Department of Radiation Oncology in cooperation with the Institute of Medical Biometry and 
Investigators
The study investigators are experienced radiation oncologists specialized in the treatment of patients with gastrointestinal malignancies. Patients will be recruited and treated by the physicians of the Department of Radiation Oncology of the University Hospital Heidelberg.
Ethics, informed consent and safety
The final protocol was approved by the ethics committee of the University of Heidelberg, Heidelberg, Germany (Nr: S-296/2019). This study complies with the Helsinki Declaration in its recent German version, the principles of Good Clinical Practice (GCP) and the Federal Data Protection Act. The trial will also be carried out in keeping with local legal and regulatory requirements. The medical secrecy and the Federal Data Protection Act will be followed. The ClinicalTrials.gov Identifier is NCT04094454. Data handling, storage and archiving of data All findings including clinical and laboratory data will be documented by the investigator or an authorized member of the study team in the subject's medical record and in the case report form (CRF). The data will be stored and archived according to the §13 of the German GCP-Regulation and §28 c of the German X-Ray Regulation (StrlSchV) for at least 30 years after the trial termination.
Discussion
The prognosis for patients with anal cancer has improved over the last decades with complete tumor remission rates of about 80-90% today [1] . Thus, developing new therapeutic techniques in order to reduce therapy-associated long-term toxicities and to improve quality of life of anal cancer patients has become more and more important.
With the development of new techniques in the field of radiation therapy like IMRT/IGRT, the incidence of acute and chronic toxicities could already be reduced [6] [7] [8] [9] [10] [11] . So far, the focus has mainly been on reducing gastrointestinal toxicities. The incidence and influence of urogenital toxicities like vaginal fibrosis and stenosis on quality of life in female anal cancer patients have been widely underestimated. In the last years, only few retrospective data were published reporting on incidence, dose correlation, prevention and risk factors for vaginal fibrosis [26] [27] [28] [29] [30] . Furthermore, no official recommendations for prevention of vaginal stenosis exist. Current recommendations differ by center and are extrapolated from recommendations for women treated with radiotherapy for gynecological cancers. Prospective studies are needed evaluating the true incidence and extent of vaginal fibrosis, assessing possible techniques concerning radiotherapy-procedure like extended intrafractional vaginal dilation as well as other radiotherapy-independent methods like using a vaginal dilator after finishing radiotherapy to reduce the incidence of vaginal fibrosis and to evaluate the influence on quality of life in anal cancer patients. Additionally, a systematic method for assessment and measuring of vaginal stenosis should be implemented to make reported data comparable and reproducible. The aim of the current study is to assess all the mentioned aspects in a prospective setting. The systematic method for assessment of vaginal stenosis could serve as future tool for evaluating and comparing rates of vaginal stenosis. Furthermore, the clinical feasibility of the daily use of a special tampon with extended vaginal dilation will be evaluated. 
